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Mator Drive AmEiiar Assarmby Provides molor voitaos bazed on damand from Bchomsher Slecironics.
Cemrmutalis the mober drive valtaga. Provdes Ferdwan comant limitng, brahe
drive, direct drive hunctions and erables baxckup dive. Frovdes BITE cireuds and

BITE verification far MDA,
Failure Mode; MDA oulput switch fails closead.
HA Fung, Screen Foilures
Critlcality: Z 1R
Mission Fhasa: Orbt :
Causs(x): Mator Drive Amplifier Assembly Ot enable FET Rils shorted,
Cutput switch drive MUX falls active,

Fallure effect on
unitfersd ftem:

Were Cagy:
Redundant Paths:

Leeses aif sdarhon of ape matnr phisas Bre from MOA when brakes ars ON. Mo affect in sompoler supported and direet modes. In Gackon, the
BOA putpidt may Derck powesr the EFC and tum on the shunt FET thereey shorting the BOA ouipul 10 ground.  B0A Tuse may biow causing a
kst of Sackup drive for all joints.

Leae of Baciup Drive Mads.

Computar Suppored mides.
Direct Drive,

etention Ratio

Design

nale

Discrete Senwcondudston devioes ane speciiied to at least bw TX level of MIL-3-18500. Samplas of all procuned loba/date sodes are sublecked
to destruciva phvsical analysis (DPA) to verlfy the intsgrity of the manufschring processss,  Particle Impset Nose Dedactinr: (FIND) streening
s perforred on micoRincuits, transstor and diedes that are mounted iIn 2 package with an intamal cavity consinuction. The purpase of the test is
tp datect looso parbidkds it e packags, usually resyuling from tha assambly procass. Devies sirens oveds ars demisd in aocardancs wAth
SPAR-RMS-PA OO and verified by Sesion resew,

Field Frogrammable Gale Aroys {FPGA') and th Error Debection and Cavmaction (EDAC) are sami-custom microcimruits in which the basie
desigh fUnetonal elemants ar cesignad oy the manutactuner. The Inlerconnection of these slemernts & Bhen custarized by Spar to provide the
tunchoraliiy of the completed micracireui The desigh vi2es proven Sireult lschniguss and is mpemenled usang CMOS teehnoigy. This
technclomy cperates at kow power and hende tha device doss not sxparenc—e significant oparating stresses, The technolagy (s mature, and the
basic davwce reabiiy i well dosumented, Al siresses are additianally reducsd by derating e appropriate parsmeters in accomance with
SRAR-RME-PA (03 2nd virified Dy GAskn T _

Tria agprosch has 3 significant acvantage inthat § reduors e quantity of discrests parte mquirsd in the sssembly and alsa e cormglexdny of
thz PWE and recults in significant waight and volume savings. This type of SEMi-CLihom part has oeen aucoasafully wses i hes space
Appheatons.

ppThemn:mqulﬂedmhmquMdm appleabie spevification. They ane 100% scrasnsd and burred in to the reguirements of T

Spar requirements documet,

epared:  1858p96 by Fung, Bil
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SPAR - BRAMPTON {353) Critical ltems List SRN

S4S AIRPORT RO

BRAMPTON ONTARIQ LESG)D Pwvizian: ()

ciL Ref#: 2911

FMEA Rev: 0

Test:

Inspection;

The SPA bodrd iz fabnoated using Surface Mount Technology [3MT This i g FWE EE3&Thly tRChralogy in which the comporents 3
sokdercd to the sobder pads on the aurfacs of the FYWA. The amnifeart advartage of thes baehnalsgy o to ansble Tha parts on the baard (o
mara dencely packed, to redura fo averall volume and waight of thi sasemby.

The assembly process is highly eutomated, The pans are maunten an bhe boards uging 3 chmputer cantrled "ok and place™ machine. T1
subaequent zokdeing operation is parfarmed Lsing a bett fumace, In which the time and temperature hemeal profle Nat the FYE assambly if
AxpOREd ty 1% BOfily Contmlled and opkimized {0 ansure proper part scldanng abacnment. The assambly s manyfactured under documenad
procedures and quality controts. Thesa controls are exercised throudhout tha assambly. inspection and ledig of the unit. Ties mapestion
ngludas workmanship, componant mourting, solderng. and conformal coating to ensure that it s In accordance with the NHB 5300 standarde

T SMT line used for the §PA PYWE aessmbty has undergons a full qualification program_and assemblies produced on this e am umed
Cther 9pece programe.

Tha circuit board design has been reviawed [ ansur adequate sondustor wasth and separation and bo canfitm appropriate dimensions of
solder puds and of companent held prowesions, Parts moyrting medheds are cortrole in accordance with MSF C-STO-154A, MEFC-2TD- 1Y
und SASD 2373751, These documests raquire approved mauriing mathoos, yiress. milaf and COmponent ety

Flald Effect Transitary (FETa) IRFMOBS (G112, 313 and O14) 2re procured and sereened in accarcancs with SouIte conral documet
EVFF27-102-M101. Thes procurement procadise sfeanes that theea FETE have a minimum gete sowrte vollage of 2,60V, This ersures proper
isalation of the prime and baciup circutry.

QUALIFICATION TESTS - The 8FA & Subjected b the allowing qualfication testing:
VIBRATION: Ewch was of 1hs QM |s subjected to Fiight Aecaptance Vibration Tast {FAVT), Qualification Acmptance Yibralion Test (GAVT),
and Quadification Vibratian Tests (SVT] in 3000rdance with the SPA Vibratan Test Frocadurs [ELMESES). The leved and duration for FAVT & a&
par Figure & and Table 2 of B20588; the el wid duration for QAVT i 2z par Figure 7 and Table 2 of B2E506; the el #n duration for GVT |
a5 per Figure 3 and Table of 525386 At tne and of the Hiree sucOessve rardom vibratian test In aach axik, bolh direetiorg (+7-) =f sach of the
w8 [ sublecied 0 8 shock pubss bt oo per Figure & of B28586,
THERMALAVACULIM. GM TWAC Test x in acoortancs wih Figure B of the SPA TVAC Teat Procsdurs (B26585), with ful
Functional/Parametric Test parformed of iz of +60 degrees G and -3 degraes C, ard non-gperating at -5d degress G, The Qualfication
VECLWM (2viels dUring TWAL i 11075 o or less. The fotal keet duration i 7 172 eycies. The DM SPA, be sUbletied to a mininumn of 1000
hours aof Bfe iesting and 1000 pewer OR-0f cydes,
EMC: The QM i subjected lo EMC Testing {tests CE0V/CEOS, CEO?, CSOM, CEO2, G508, REDD. RS0Z and RS0 i eccardarce with e
ESPA EMC test Procedura [A26477) bamsec on ML -STD-4514,

UNIT FLIGHT ACCEPTANCE TESTE - The FM SPA iw subjwcted b the folowing acsaplahon testing:
VIBRATION: FM Acceplance Vibration Test (AVT) in accorsance with the SPA vibration Test Frocedurs (S255885), wilh Imvat and duration
per Figure 5 and Table 2 of B3G50

THERMALNVACUUM. FMTVAC Testis in accordante with Figura & of tha SPA TVAL Test Procwdure (S20568), with levaly of +43 deqrees .
ryd -Z5 degrees C For a duration of 1 112 eyeleos. The vastum levels during Acosptance TWAD Test is 151075 torr o Iess,

JOINT SRU TESTS - Thet SPA 5 tested a5 part of tha joints (amisent and vibration tests o). The amblert ATE for the Shoulder Joint,
Bl Jener, and Wrist Joirt are a3 per ATP.2004, ATP.2003, and ATF 2005 raspactivaly. The wirstion test for the Shoulder Join. ard Elbow
ar Wnst Jairt ara as par ATP 2002 ATP 2004 and ATF 2006 respociceely. Thiough wirs iunction, continutty ang steeticeal isolalion tests are
parfarmed por TP 288,

MECHANICAL ARM REASSEMBLY - The SPA's/Joints underpo 3 machanical amm inegration stage where slortregl 2heska are parfamed
per TP 2067, '

MEGHARICAL ARM TESTING - The auigeing spai-amm s configured on the Strongtack and the Maripulater Am Gheckout is parformed
gar ATP.1822,

FLIGHT CHEGKOUT, PDRS OPS Chackout (all venlcies) JSI 16547,

Linits ars maynulacd: et under devsreesded guality controly,  These corimol are sarcaed throughout deslgn procurement, plarding,
receiying, proceasing, fabrzation, ssaembly, lesting and shipping of the units. Mandabery rmpaction points am smployed at vanous shages of
Tabrication, azsembly, and et Govemmant saurc irspeetion B meked of wariooy sontrsd dveks,

EEE parts inapection fs performed a& requined by SPAR-RMS-PA 003, Ench EEE o quatified at tha part (e to e mguinraments of th
applicable specification. AU EEE parts ars 1009 sersanod and Bumain, b o MINImum, o8 feguirsd by SPAR-BIME-P2,.003, by he oupplier.
CFA i perormad a3 requied by PAOGY on 2 andomly selecied 2% of parts, mecdmumn 3 pieces, minimum 3 pisces for each K numbern/idate
coda of parts recaivad. All cavity devices are subpeciod bo 100% PIND. Wire B procunsd 1o speectfieaben MILW-Z2750 o MIL-W-212381 amd
ingpached and teabed to NASA JESCMEOO0 Standard Murmber 334,

Rucaiving ifcspection varifus that alt parts receivad ane 2 identifiac in tha procuremment docummnts, thal no prysacsl damage has eumd to
parts cluring shipmant, that the receiving dooumarts provide sdequata trecsabiity information and scrasning dats cisarly identifias aczeptable
parts.

Farts are inspected thmughoot manufaciure and sssermbly 29 approprte b the manufcheing skipe compleied. Thess inapectons ind

Prirted caguit board inspachon for tnack saparabon, damags and sdequecy af plabed through bols, Somparsn maunbing inspection for
carmest soldanng. wics looping, Erepping, we. Cperstors end inspecions ey rained end cartified o NASA NHE 5300 4{38- } Sharadnrd.

Preparad:  155eps6 by Fung, B RMS/ELEC - 590
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Conlormal coating mnspection for adaquate processing is performed wsing ultravalst ight techniques, PG, Board instalation ingpection includes
chechs for comect board (nstagation, lgnmend of boards, proper CORNBCI contad maling, wine rouling. strapping of wires etz Pogt P.C.

Board instalation Inspeciion inciudes Seanliness and workmanehip {Sparpovemment rep. mandatory inaspection paint;,

Linit Pre-Acsceptanse Tosk nspaction. which ineluses an sudt of bwer lar [Repeation compeation, ax bullt configuralion verilation ta as
design £ {mandatary incpection point), A it Test Readiness Review (TRR) which includes werificaticn of test persannel. test gocuments,
test equipmant callbratonivalidation status and hardwars configuration i comaned by QA In conjunction with Enginesnng. Reliability,
Configuration Conbml, Supplier 35 apglicadle, and the govemment mpresentative, prior to the start of ary formal lesting (Acceptance of
usllizgton). Unit el Acceptanss Tesling [ATP) incudes ambdent perfsrrarnse, thermal and vibration testing (Sperigovemment rap
mandatory inspaction pairt).

Irtegrabon of uni o Joink SRL) - Ihapedtiorn mokacs groumding chacks, sonnsstara (or b of puihbazk sontacts, visual, cleanliness,
INAICRNNACE wirng And pownr Up tast b3 the appmpriate Joint Inspection Test Proceduns (ITF). Joint (el Pr-Accspiancs Tes! Inspaciion,
inciydes an audit of lower ter inapection completion, a3 bulll sanfiguretion yerifisation 1o &3 design gie, Jomt level Acceptance Testing (ATP)
inglyches ambiant and vibralion festing (Spargowsmmant me. mandstory inepeciicn point).

Mechanizal Arm Reassamily = the integration of messrancal am subdssymbles bo farmn the aasamiied sion. Inspectans ane perfarmed at
sach phaze of integration which ncludes stacirical checies, ihrsugh wirisg eheck, wiring feuding, irterface connectors for bart ar pushbeck
conlacts elo. Mechanical Arm Testing - Strorghack and fiat fioor arbient perimiancs teal {Spangmmaminentt mp. mandapny inspecton peint).

QOMESD OMline: Powerup anm. Selaci Backup Dnve end warify |aint oparetizn,

OMRSED Online Nore,
* Installation:

OMRED Online Foweraup arn. Sekect Bacieup Diive and vesily joint oparation,
Turnarsund:

&creen Fallure: A: Fass
B: Paxz
2. Pass
Crunwr Training: The crasw will b rained Lo slways cbaarve whather the @M i respanding propesdy to commands. (7 isn't appry brakes,
Craw Action: Remove tha drive command. Select dimy othier mode,

ational ENecz Loas of nest redundant path reaults in being ane Ellamn avay fram rabldy b cradie am. Joint will not drive i Backud, If primary modas hawe
failed the Backup systam will rot provids the capablity to cradie the amn. EVA i avaitatee oF & can be jettisoned,

Miscion [f Back-Uup i kst the MISSION 15 CONSI3AMEC IS LNIAES N is a fight apedfic scetion.

Constrainta.

apravals:

ncticnal Graup Hara Position Talaphone Dates Signed  S1abus

gireeer Hutz, hichasl / SPAR-ERAMPTON Bysterns Enpinesr 4534 Ofl\ardd Sirgriad

siability Molgaard, Lena f SPAR-SRAMPTON  Reliablity Engineer 4550 (v RN ) Eigned

oam Management Gt Rica, Crang 7 SPAR-BRAMPTON Technical Frogram Manager 452 e LRV Signad
thesystem Manager Glenn, (Geargs / JSC-ER RMS Subsystemn Managar (281} 4831518 30Merba Swyred

whnigal Manager Allignn, Pon / JSC-MVE Rid3 Projoct Enginees JEC (713} 4834073 O9AprDE Exrind

cerry Whisest Ariveties  Lodil Daveo/Sec-wes Bl Swad Liorhses £2m) ST -IrY e AR A m

epared:  145apSe by Fung, Bl REMS/ELEC - 591 Superssdes: Nid




